The molecules of (2RS,4SR)-2-exo-(5-bromo-2-thienyl)-7chloro-2,3,4,5-tetrahydro-1H-1,4-epoxy-1-benzazepine, C 14 H 11 BrClNOS, (I), are linked into cyclic centrosymmetric dimers by C-HÁ Á Á(thienyl) hydrogen bonds. Each such dimer makes rather short BrÁ Á ÁBr contacts with two other dimers. In (2RS,4SR)-2-exo-(5-methyl-2-thienyl)-2,3,4,5-tetrahydro-1H-1,4-epoxy-1-benzazepine, C 15 H 15 NOS, (II), a combination of C-HÁ Á ÁO and C-HÁ Á Á(thienyl) hydrogen bonds links the molecules into chains of rings. A more complex chain of rings is formed in (2RS,4SR)-7-chloro-2-exo-(5-methyl-2-thienyl)-2,3,4,5-tetrahydro-1H-1,4-epoxy-1benzazepine, C 15 H 14 ClNOS, (III), built from a combination of two independent C-HÁ Á ÁO hydrogen bonds, one C-HÁ Á Á (arene) hydrogen bond and one C-HÁ Á Á(thienyl) hydrogen bond.
Comment
We report here the structures of three racemic thienylsubstituted tetrahydro-1,4-epoxy-1-benzazepines, namely (2RS,4SR)-2-exo-(5-bromo-2-thienyl)-7-chloro-2,3,4,5-tetrahydro-1H-1,4-epoxy-1-benzazepine, (I), (2RS,4SR)-2-exo-(5methyl-2-thienyl)-2,3,4,5-tetrahydro-1H-1,4-epoxy-1-benzazepine, (II), and (2RS,4SR)-7-chloro-2-exo-(5-methyl-2thienyl)-2,3,4,5-tetrahydro-1H-1,4-epoxy-1-benzazepine, (III) (Fig. 1) , and we compare these structures with those of two close analogues, namely (2RS,4SR)-2-exo-(5-bromo-2-thienyl)-7-fluoro-2,3,4,5-tetrahydro-1H-1,4-epoxy-1-benzazepine, (IV), and (2R,4S)-2-exo-(5-bromo-2-thienyl)-7-trifluoromethoxy-2,3,4,5-tetrahydro-1H-1,4-epoxy-1-benzazepine, (V) (see scheme), the structures of which were reported recently (Blanco et al., 2008) . The present work is a continuation of a structural study of this class of epoxybenzazepines (Acosta et al., 2008; Blanco et al., 2008; Gó mez et al., 2008 Gó mez et al., , 2009 , which is itself part of a wider programme aimed at the identification of novel antiparasitic agents (Gó mez et al., 2006; Yé pez et al., 2006) . The synthesis of compounds (I)-(III) followed the previously reported procedure (Acosta et al., 2008) , in which an appropriately N-substituted 2-allylaniline is oxidized with hydrogen peroxide in the presence of sodium tungstate to give a nitrone, which then undergoes an internal 1,3-dipolar cycloaddition to generate the tricyclic epoxybenzazepine product in satisfactory yield via a single-stage process.
While compound (I) differs from (IV) only in the identity of the halogen substituent in the fused aryl ring [Cl in (I) versus F in (IV)], these two compounds nonetheless crystallize in different space groups [Pbca for (I) and P2 1 /c for (IV)]. Similarly, although (II) and (III) differ only in the presence or absence of the Cl substituent in the fused aryl ring, again these two compounds crystallize in, respectively, space groups Pbca and P2 1 /c. Although (I) and (II) crystallize in a common space group, as do (III) and (IV), within each pair the unit-cell dimensions differ substantially. Finally, while compounds (I)-(IV) all crystallize as racemic mixtures in centrosymmetric space groups, the crystals of (V) in space group P2 1 contain only one enantiomer. Hence, despite their close similarities, particularly for (I)-(IV), there are no isomorphisms between any pairs of these compounds.
In each of the racemic compounds (I)-(III), the reference molecules were selected to have the S configuration at atom C2, as for (IV) and (V) (Blanco et al., 2008) , and on this basis each of the reference molecules had configuration R at atom C4. The ring-puckering parameters (Cremer & Pople, 1975) in Table 1 show that the heterobicyclic systems in (I)-(V) all have very similar shapes, with the five-and six-membered rings all adopting conformations intermediate between envelope and half-chair forms. However, the orientations of the substituted 2-thienyl rings relative to the adjacent fusedring system show some sharp variations. The orientation of this ring can conveniently be defined by the N1-C2-C22-S21 torsion angle, which takes the values 31.4 (4), 37.7 (3), À88.3 (2), À60.1 (3) and 36.6 (4) in (I)-(V), respectively. Thus, the orientation of the 2-thienyl ring is similar in (I), (II) and (V), but in (III) and (IV) the orientation of this ring is almost orthogonal to that found in the first group. It is notable, however, that in none of compounds (I)-(V) does the substituted 2-thienyl ring exhibit any orientational disorder. While such disorder, usually characterized by a 180 rotation about the exocyclic C-C bond, here C22-C2, is not uncommon with unsubstituted 2-thienyl groups, it is possible that the steric requirement of the single substituent at position 5 of the thienyl ring effectively locks this ring into a single preferred orientation.
There are short C-HÁ Á ÁCl contacts in both (I) and (III) ( Table 2) , but these are not regarded as structurally significant because it has been well established that Cl atoms, when bound to C atoms, are extremely poor acceptors of hydrogen bonds, even from donors such as O or N (Aakerö y et al., 1999; Brammer et al., 2001; Thallapally & Nangia, 2001) .
The supramolecular aggregation in (I) is very simple. Pairs of molecules related by inversion are linked by C-HÁ Á Á (thienyl) hydrogen bonds (Table 2) to form cyclic dimers (Fig. 2) . The only direction-specific interaction between adjacent dimers is a rather short BrÁ Á ÁBr contact. Atoms Br25 in the molecules at (x, y, z) and (1 À x, 2 À y, Àz), which form parts of the cyclic dimers centred at ( 1 2 , 1 2 , 0) and ( 1 2 , 3 2 , 0), respectively, are separated by 3.5234 (7) Å , and the corresponding C-BrÁ Á ÁBr angle is 143.9 (2) . Studies (Ramasubbu et al., 1986) of the preferred orientation of C-XÁ Á ÁX-C contacts, where X represents a halogen other than F, based on data extracted from the Cambridge Structural Database in 1984 (CSD; Allen, 2002) , have shown that such contacts fall into two main clusters, with C-XÁ Á ÁX angles of ca 90 and 180 . The BrÁ Á ÁBr contact in (I) thus deviates from this pattern. While the BrÁ Á ÁBr distance is certainly less than twice the van der Waals radius estimated on the basis of a spherical atom (1.85 Å ; Bondi, 1964) , in terms of the polar flattening model (Nyburg & Faerman, 1985) the effective radius to be applied here appropriate for the observed C-BrÁ Á ÁBr angle Part of the crystal structure of (I), showing the formation of a cyclic centrosymmetric dimer. For the sake of clarity, the unit-cell outline and H atoms not involved in the motif shown have been omitted. Atoms marked with an asterisk (*) are at the symmetry position (1 À x, 1 À y, Àz). lies approximately midway between the major and minor radii, which were estimated using database analysis (Nyburg & Faerman, 1985) for covalently bonded Br as 1.84 and 1.54 Å , respectively. On this basis, the observed BrÁ Á ÁBr distance of 3.5234 (7) Å in (I) does not appear to be exceptional and it cannot be taken as evidence of any significant electrostatic attraction (Lommerse et al., 1996; Bui et al., 2009 ) between the dimers stacked along [010].
The dimer formation via hydrogen bonding in (I) may be contrasted with that in the very close analogue (IV) (see scheme). There are no hydrogen bonds of any kind in the crystal structure of (IV), but instead pairs of molecules are linked into centrosymmetric dimers by means of an aromatic stacking interaction involving the fluoro-substituted aryl rings (Blanco et al., 2008) .
In the structure of (II), the co-operative action of C-HÁ Á ÁO and C-HÁ Á Á(thienyl) hydrogen bonds, one of each type (Table 2) , links the molecules into a chain of rings. Atoms C2 and C3 in the molecule at (x, y, z) act as hydrogen-bond donors to, respectively, the thienyl ring and atom O14, both in the molecule at ( 3 2 À x, 1 2 + y, z). Hence, molecules related by the b-glide plane at x = 3 4 are linked to form a chain of rings running parallel to the [010] direction (Fig. 3) . Four chains of this type pass through each unit cell, in the domains 0.0 < z < 1 4 , 1 4 < z < 1 2 , 1 2 < z < 3 4 and 3 4 < z < 1.0, respectively, but there are no direction-specific interactions between the chains.
The chain formation in (III) is more complex than that in (II) because it is based on four independent hydrogen bonds, as opposed to just two in (II) ( Table 2) . Atoms C5 and C6 in the molecule at (x, y, z) act as hydrogen-bond donors via atoms H5A and H6 to, respectively, atom O14 and the fused aryl ring C5a/C6-C9/C9a, both in the molecule at (x, 1 2 À y, 1 2 + z), so linking molecules related by the c-glide plane at y = 1 4 into a chain running parallel to the [001] direction. At the same time, atoms C3 and C5 at (x, y, z) act as donors via H3B and H5B to, respectively, the thienyl ring and atom O14, both in the molecule at (x, y, 1 + z). The combination of these two pairs of hydrogen bonds thus generates a complex chain of fused rings running parallel to the [001] direction, in which atom C5 acts as a double donor of hydrogen bonds and atom O14 as a double acceptor (Fig. 4) . It is striking that the hydrogen-bonded structure of (III) is only one-dimensional, despite the involvement of four independent hydrogen bonds. By contrast, in the structure of (V) (Blanco et al., 2008) , just two C-HÁ Á ÁO hydrogen bonds are sufficient to generate a hydrogen-bonded structure in two dimensions.
Experimental
For the preparation of compounds (I)-(III), sodium tungstate dihydrate (5 mol%), followed by 30% aqueous hydrogen peroxide solution (12 mmol), were added to a stirred and cooled (273 K) solution of the appropriately substituted 2-allyl-N-(thienylmethyl)aniline (4 mmol) in methanol (20 ml). The resulting mixtures were then stirred at ambient temperature for periods ranging from 18 to 20 h. Each mixture was filtered and the solvent was removed under reduced pressure. Toluene (30 ml) was added to the solid residues and the resulting solutions were heated under reflux for periods ranging from 6 to 8 h. After cooling each solution to ambient temperature, the solvent was removed under reduced pressure and the crude product was purified by chromatography on silica using heptane-ethyl acetate (compositions ranging from 60:1 to 10:1 v/v) as eluent. Crystallization from heptane gave colourless crystals of compounds (I)-(III) suitable for single-crystal X-ray diffraction. Part of the crystal structure of (II), showing the formation of a chain of rings parallel to [010] built from a combination of C-HÁ Á ÁO and C-HÁ Á Á(thienyl) hydrogen bonds. The [010] direction is vertical and the chain is viewed approximately along [100] . For the sake of clarity, the unit-cell outline and H atoms bonded to C atoms which are not involved in the motifs shown have been omitted. S atoms marked with an asterisk (*), a dollar sign ($) or an ampersand (&) are at the symmetry positions ( 3 2 À x, 1 2 + y, z), (x, 1 + y, z) and ( 3 2 À x, À 1 2 + y, z), respectively.
Figure 4
Part of the crystal structure of (III), showing the formation of a chain of rings parallel to [001] built from a combination of four independent hydrogen bonds. For the sake of clarity, H atoms bonded to C atoms which are not involved in the motifs shown have been omitted. S atoms marked with an asterisk (*), a dollar sign ($) or an ampersand (&) are at the symmetry positions (x, 1 2 À y, 1 2 + z), (x, y, 1 + z) and (x, 1 2 À y, À 1 2 + z), respectively. All H atoms were located in difference maps and then treated as riding atoms in geometrically idealized positions, with C-H = 0.95 (aromatic and heteroaromatic), 0.98 (CH 3 ), 0.99 (CH 2 ) or 1.00 Å (aliphatic CH), and with U iso (H) = kU eq (C), where k = 1.5 for the methyl groups, which were permitted to rotate but not to tilt, and 1.2 for all other H atoms. For each compound, the configuration at C2 was set to be S in the reference molecule, and on that basis the configurations at C4 in the reference molecules are all R.
Compound (I)
For all three compounds, data collection: COLLECT (Nonius, 1999) ; cell refinement: DIRAX/LSQ (Duisenberg et al., 2000) ; data reduction: EVALCCD (Duisenberg et al., 2003) ; program(s) used to solve structure: SIR2004 (Burla et al., 2005) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: PLATON (Spek, 2009) ; software used to prepare material for publication: SHELXL97 and PLATON.
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Puckering parameters for five-membered rings are defined for the atom sequence O14-N1-C2-C3-C4 and those for six-membered rings for the atom sequence O14-N1-C9a-C5a-C5-C4.
Compound
Five-membered ring Six-membered ring Hydrogen bonds and short intermolecular contacts (Å , ) for compounds (I)-(III).
Cg1 is the centroid of the S21/C22-C25 ring and Cg2 is the centroid of the C5a/C6-C9/C9a ring. Symmetry codes: (i) 1 À x; 1 2 þ y; 1 2 À z; (ii) 1 À x; 1 À y; Àz; (iii) 3 2 À x; 1 2 þ y; z; (iv) 1 À x; 1 À y; 2 À z; (v) x; y; 1 þ z; (vi) x; 1 2 À y; 1 2 þ z.
